The aim of our study was to investigate histopathologically the incidence of gastrointestinal tract tumours in dogs in the Czech Republic in relation to their age, sex and breed. In total, 29 gastric and 45 intestinal tumours from 3827 gastrointestinal tract biopsies were investigated. The average age of dogs with gastric lymphoma, adenocarcinoma, and other mesenchymal tumours was 7.3 years, 9.5 years, and > 10 years, respectively. Breed predisposition to adenocarcinoma was evidenced in the Belgian Shepherd and Leonberger, to lymphoma in the Doberman (P < 0.01). The most frequent site of adenocarcinoma was antrum pyloricum (66.7%); lymphomas involved gastric wall diffusely. The average age of dogs with intestinal adenoma, adenocarcinoma, lymphoma, leiomyoma or leiomyosarcoma and carcinoid was 7.5, 8.5, 8.5, 12, and 14 years, respectively. The age predisposition to intestinal adenoma and lymphoma was 7-8 years (P < 0.01) and to adenocarcinoma 7-8 years (P < 0.05); mesenchymal tumours occurred at the age of 11-12 years (P < 0.01). Breed predisposition to intestinal adenoma was evidenced in the Pug, Leonberger and English Setter (P < 0.01), to adenocarcinoma in the English Setter (P < 0.01) and Hovawart (P < 0.05), to lymphoma in the Doberman and Hovawart (P < 0.05). The most frequent site of occurrence of intestinal tumours was the colorectal region. The study revealing breed, sex and age predisposition to gastrointestinal tumours in dogs has not been described yet in the literature.
Retrospective studies of gastrointestinal tract tumours in dogs are less common than case reports of these tumours. These tumours occur less commonly compared to tumours of other organ systems. The incidence of these tumours in dogs is rather higher than in other domestic animals. The occurrence of malignant tumours is, compared to benign variants, more frequent and, except for lymphomas, majority of them are classified as carcinomas.
In 2003, World Health Organization set out the Histological Classification of Tumors of the Alimentary System of Domestic Animals counting over 50 specific tumour types and over 15 additional pseudotumourous lesions of the gastrointestinal tract (Head et al. 2003) . The age is considered as a risk factor, and majority of these tumours are evidenced in elderly animals. The highest incidence in dogs was recorded at the age of 8-9 years (Head et al. 2002) . According to most of the studies, it seems that breed and sex do not play a significant role in the frequency of tumour incidence; however, some studies indicated a higher incidence of gastric carcinomas in male elderly dogs compared to females (Patnaik et al. 1977; Twedt 1992) . Some authors also proved higher incidence of gastric carcinomas in some breeds of dogs such as Rough Collie, Staffordshire Bull Terrier and Belgian Shepherd (Sullivan et al. 1987; Fonda et al. 1989; Scanziani et al. 1991) .
Intestinal adenocarcinomas in dogs represent approximately 0.5% of all malignant tumours and approximately 40% of them are located in the colon and rectum. The average age of dogs with intestinal adenocarcinoma is 9 years. According to majority of authors, sex does not represent a risk factor, though some sources indicate higher incidence in males with more frequent location of tumours in the duodenum, colon and rectum (Brown et al. 2007 ). The average age of dogs with primary intestinal lymphomas was recorded in most cases at 6.7 years, with the age interval from 19 months to 13 years, and with higher incidence in males (Brown et al. 2007) . It seems that breed does not influence significantly the frequency of intestinal carcinomas, although some authors found a higher incidence in the Boxer, Collie, Poodle and German Shepherd (Patnaik et al. 1977; Brown et al. 2007 ). Other types of gastrointestinal tract tumours are generally recorded less commonly.
The aim of this study was to investigate the incidence of gastrointestinal tract tumours in dogs in the Czech Republic in relation to their age, sex and breed.
Materials and Methods
Materials for this study were collected from the biopsy files of the pathology department of the University of Veterinary and Pharmaceutical Sciences, Brno, Czech Republic for a 5-year period (2008) (2009) (2010) (2011) (2012) . A total number of 74 gastrointestinal tract tumours were diagnosed in 43 different breeds and 6 cross-breed dogs. Sex ratio in the diagnosed tumours was 43:31 in favour of males. Dogs were divided by age into 8 groups with the age span from 1 to 16 years. All available medical records were studied regarding age, sex and breed of affected dogs and sites of the tumours. Bioptical tissue samples were fixed in 10% neutral buffered formalin, processed and stained with haematoxylin and eosin (HE) and immunohistochemistry was performed when needed. The following primary antibodies with their dilution were used: CD3 (1:50), CD79 (1:25), CD117 1:100), cytokeratin AE1/AE3 (1:50), vimentin (1:50), S-100 protein (1:200), glial fibrillary acidic protein (GFAP) (1:50), smooth muscle actin (SMA) (1:50) and F-VIII (1:100) (DAKO, Glostrup, Denmark); secondary antibody was the part of the detection system EnVision (DAKO).
The data were statistically analyzed with chi-square testing (program UNISTAT 5.6 for Excel); the results were significant when P < 0.01 and P < 0.05.
Results
In our study, we diagnosed 29 gastric (0.8%) and 45 intestinal (1.2%) tumours from the total number of 3,827 biopsies. The frequency of gastrointestinal tract tumours was 1.9% from all biopsies. Gastric adenocarcinoma was detected in 13 breeds (with a higher incidence in the Belgian Shepherd and Golden Retriever, lymphoma was detected in 6 breeds (with a higher incidence in the Doberman and Golden Retriever), adenoma was detected in 4 breeds, GIST in 2 and leiomyoma in one breed. Intestinal adenoma was detected in 15 breeds (with a higher incidence in the Pug and Maltese), adenocarcinoma in 7, lymphoma in 11 breeds (with a higher incidence in the English Cocker Spaniel), leiomyoma, leiomyosarcoma, GIST, haemangioma, ganglioneuroma, osteosarcoma and carcinoid singly.
Malignant tumours occurred more frequently in the stomach (90%). The number of gastric tumours of epithelial origin (60%) was higher than those of mesenchymal origin (55%). In stomach, higher incidence of malignant epithelial tumours (60%) was recorded compared to benign epithelial and mesenchymal tumours. Tables 1 and 2 show the incidence of gastric tumours in relation to age and sex. We evidenced breed predisposition to gastric lymphoma in the Doberman (P < 0.01) and breed predisposition to gastric adenocarcinoma in the Belgian Shepherd (P < 0.01) and Leonberger (P < 0.01). The most frequent site of gastric tumours was antrum pyloricum (66.7%), followed by fundus ventriculi. Primary tumour location with the lowest frequency of incidence was angulus ventriculi and curvatura ventriculi major (6.7%). Lymphomas involved the gastric wall diffusely.
In the intestines, higher incidence of benign epithelial tumours (40%) was recorded; the frequency of malignant epithelial tumours was 20% and malignant tumours of mesenchymal origin represented 33.3%. Tables 3 and 4 show the incidence of intestinal tumours related to age and sex. The most frequent site of intestinal tumours was the colorectal region (66.7%), followed by the small intestine (28.9%) and caecum (4.4%).
A significant number of intestinal adenomas were detected in the colorectal region (94.4%), and the most affected intestinal segment was the rectum. We recorded 12 adenomas in the rectum from the total number of 18 (66.7%) colorectal tumours. Adenocarcinomas were recorded in the rectum (55.6%) and colon (33.3%). Intestinal lymphomas involved more segments concurrently. Rare intestinal tumours, such as ganglioneuroma and hemangioma, occurred in the rectum. In the caecum we detected leiomyosarcoma and gastrointestinal stromal tumour, and the site of osteosarcoma was the jejunum. Intestinal epithelial tumours occurred with highest frequency in the colorectal region (92.6%); lymphomas (11 cases) occurred diffusely in more segments of the small intestine.
Breed predisposition to intestinal adenoma was evidenced in the Pug (P < 0.01), Leonberger (P < 0.01) and English Setter (P < 0.01). Breed predisposition to intestinal adenocarcinoma was evidenced in the English Setter (P < 0.01) and Hovawart (P < 0.05). Breed predisposition to intestinal lymphoma was noted in the Doberman (P < 0.05) and Hovawart (P < 0.05). Carcinoid was recorded in the Dachshund, osteosarcoma in the Fila Brasileiro, ganglioneuroma in the Leonberger, gastrointestinal stromal tumour and leiomyosarcoma in the crossbreed and leiomyosarcoma in the Miniature Schnautzer.
Discussion
The frequency of gastrointestinal tract tumours counted 1.9% from all biopsies, of which 0.8% were gastric and 1.2% intestinal tumours. Patnaik (1977) recorded 1.1% of incidence of gastrointestinal tumours, of which 0.5% were gastric and 0.6% intestinal tumours. Other authors showed the incidence of these tumours up to 1% (Swan and Holt 2002) and up to 3% (Russell et al. 2007 ). We found highly significant percentage of all gastric tumours represented by adenocarcinomas (93.8%); higher incidence of malignant epithelial tumours was also confirmed by other authors (Sautter and Hanlon 1975; Patnaik et al. 1977; Sullivan et al. 1987; Swan and Holt 2002) . Some authors found higher incidence of gastric tumours in male dogs (Simpson 2010) . In our study, the frequency of gastric tumours was 16:13 in favour of males and the average age of dogs with gastric adenocarcinoma was 9.5 years. Patnaik et al. (1977) and Simpson (2010) described the incidence of gastric carcinoma in dogs of similar ages of 9.5 and 10 years, respectively. In some studies, the frequency of gastric adenocarcinoma was recorded as significant in some breeds of dogs (Patnaik et al. 1977; Scanziani et al. 1991; Swann and Holt 2002; Simpson 2010) . We followed Table 4 . Sex distribution of dogs with intestinal tumours also the concrete anatomical location of primary tumour occurrence in stomach and similar results were obtained by other authors (Patnaik et al. 1977; Swann and Holt 2002; Brown et al. 2007; Simpson 2010) .
In our study, adenocarcinomas counted 1/3 of intestinal tumours, located mainly in the colorectal region, and we evidenced age predisposition (7-8 years). Patnaik et al. (1977) and Hall and German (2010) recorded adenocarcinomas in dogs of the mean age of 9 years. In comparison with our results, some works described higher incidence of intestinal adenocarcinomas in males (Patnaik et al. 1977; Head et al. 2002; Brown et al. 2007 ). The most frequent mesenchymal tumour in our study was lymphoma, which corresponds to the results of Patnaik et al. (1977) . They found lower frequencies 13.8% and 6.7% in other mesenchymal tumours in the stomach and intestine, respectively. The occurrence of these tumours in dogs is rather more frequent in the small intestine and colon than in the stomach (Brown et al. 2007; Gillespie et al. 2011) . We detected 3 cases of gastrointestinal stromal tumours, with similar sex distribution as observed by other authors (Head et al. 2002; Brown et al. 2007 ). Some authors found higher incidence of leiomyosarcomas in females of the German Shepherd breed (Simpson 2010) , with incidence at the mean age of > 10 years (Patnaik et al. 1977; Cohen et al. 2003; Simpson 2010) . These findings correspond with our results. In our study, the mean age was 12.5 years in dogs with gastric leiomyoma, 10 years in dogs with gastrointestinal stromal tumour, 12 years in dogs with intestinal leiomyoma and leiomyosarcoma, and gastrointestinal stromal tumour was recorded at the age of 11 years. Another study (Russell et al. 2007) showed the mean age of 10.4 years for gastrointestinal stromal tumours, with sex distribution 23:19 in favour of males. It seems that gastrointestinal stromal tumours in dogs showed different biological behavior in comparison to leiomyosarcomas. For the differentiation between gastrointestinal stromal tumours and leiomyosarcomas we used markers CD117, SMA, vimentin and S-100 protein, although some authors recommended using the other additional markers (Jelínek et al. 2009 ). The use of combination of these antibodies seems to be sufficient in diagnostics of tumours. In conclusion, this extensive retrospective study revealed some breed, sex and age predisposition to gastrointestinal tract tumours in dogs that has not been described in the literature yet.
